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particle populatione. Hie large eoale radial gradiente for the anomaloui oxygen and 
the >75 HeV protons hare been previously reported by others for the 1 - 20 AU range 
by comparing the intensities at the Honeer spacecra^ to those near Earth. By using 
the separation of the two Voyager spacecraft we can determine the local radial gra- 
dients during the time intervals of the variations and compare these to the large 
scale gradients. In the 1976 period the spacecraft are ~4 AU from the Sun and ~0.3 
AU apart. In 1980 they have moved out to an average radial position of ~7.2 AU and 
have moved apart ~ 1.2S AU. They are well aligned in both longitude and latitude. 
During the 1976 and 1960 Mma intervals Voyager 1 is always farther from the Sun 
than Voyager 2; thus for positive radial gradients Voyager 1 will measure a higher in- 
tensity than Voyager 2. 


Figure 2 


VoyOfl*r 2 




Figure 3 
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SE3II-ANNUAL STATUS REPORT 
NASA Grant NGR 05-002-160 


Radiation Laboratory (SRL) 
California Institute of Technology 

1 April 1082 - 31 llarch 1063 


This report covers the research aetivitlea in Cosmic Rays. Gamma Rays, and 
Astrophysical Plasmas supported under NASA Grant NGR 06-002-160. The report is 
divided into sections ivhich describe the activities, followed by a bibliography. 

This group's research program is directed toward the investigation of the astro- 
physical aspects of cosmic radiation and of the radiation and electromagnetic field 
environment of the Earth and other planets. We carry out these investigations by 
maans of energetic particle and {dioton detector sirstems fiown on spacecraft and 
balloons. 

1. Cosmic Rays and Astrophysical nasmns 

This research program is directed toward the investigation of galactic, solar, 
interplanetary, and planetary energetic particles and plasmas. The emphasis is on 
precision measiirements with high resolution in charge, mass, and energy. The main 
efforts of this group, which are supported partially or fully by this grant, have been 
directed toward the following two categories of escperiments. 

1.1. Activiiies in Support ol or in Prcspetration for Spacecraft Experiments 

These activities generally embrace prototypes of experiments on existing or 
future NASA spacecraft or they complement and/or support such observations. 

1.1.1. The Ugh Energy Isotope SpeetRMneiarTeleeeope (hEun H) 

HEIST-n is a Large area (0.25 m sr) balloon borne isotope spectrometer designed 
to make high-resolution measurements of isotopes in the element range from neon 
to nickel (10 s: Z ^ 26} at energies of about 3 GeV/nucleon. The instrument, shown 
schematically in Figure 1, consists of a stack of 12 Nal(Tl) scintillators, two Cerenkov 
eoiinters. and two plastic scintillators. Each of the 2-cm thick Nal disks is viewed by 
six 1. 5-inch photomultipliers whose combined outputs measure the energy deposition 
in that layer. In addition, the six outputs from each disk are compared to determine 
the position at which incident nuclei traverse each layer to an accuracy of ~2 nmi 
The Cerenkov counters, which measure velocity, are each viewed by twelve 5-inch 
photomultipliers using light integration boxes. 

HEIST-n determines the mass of individual nuclei by measuring both the change 
in the Lorentz factor (Ay) that results from traversing ^e Nal stack, and the energy 
loss (AE) in tlie stack. Since the total energy of an isotope is given by E = yM the 
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inaas II can be daterntnad by M = tE/lxy. Tha inatrumant ia daaignad to achiere a 
typical maaa raadution of 0.2 amu. 

Tha HEIST H ayatam intagratlon was brought naarly to a eoncluaion during the 
paat year, and a calibration on ”*lin iona waa caniad out at tha Barkalay Bavalac. 
Tha calibration included a nawly-asaeniblad aerogel moaaic with index of refraction 
n M 1.1. A fly-cutting technique allowed preparation of the aerogel bioeka within 50^ 
of the deaired aize. Forty eight bioeka are aaaend>led in the mosaic to make a Ceren- 
kov radiator 6 cm thick and nearly 60 cm in dianaeter. The detector aignal ia 23±4 
photoelectrona for the pasaage of a relativiatic muon. Thia number ia adequate to 
achieve a reaolution of 0.2 amu. 


— (0) 
(b) 




(d) 


(a) 


i ^ 1 ^ 1 1 
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Figure 1. Schematic diagram of the experimental apparatus, (a) plastic scintillators; 
(b) aerogel Cerenkov counter; (c) Nal scintillator stack (d) bottom Cerenkov 
coimter with Pilot 425 and teflon. Large rectangles show Cerenkov light collection 
boxes. 

The Bevaiac calibration also provided the first major operation of our new data 
recording system which utilizes commercial video recorders. The system performed 
satisfactorily, and an efficient off-line conversion to ziormal computer magnetic tape 
has been achieved. 

Preliminary analysis of the Bevaiac data has indicated that the macroscopic 
index of refraction variation of the mosaic blocks is below 0.003. The variation gra- 
dient is sufficiently small that the experiment position-measuring specification, ±2 
mm, is adequate for correcting Cerenkov counter response variation with position 
over approximately 75% of the aerogel area. The aerogel microscopic index of 
refraction variation is measured at about ±0.00025, integrated over the path of the 
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ptfUcln through the 6 cm of redlator. This produces tjplceUy 0.1 a.m.u. of qrs* 
tematic mass error for lln tons. Just acceptable for the ezperimmt Scintillation in 
the aerogel, which might degrade the mass resolution near the aerogel threshold, is 
demonstrated to be less than a negligible 1%. 

Hie Nal scintttlatM' stack also received its first exposure to ions heavier than 
argon. The *Un penetrated to the final Nal U^ 3 rer. and data with the apparatus 
translated in (x.y) provided coverage for a response map. The Nal stack was able to 
measure the energy of the stopping **lin ions to an accuracy of 0.2% or better, as 
expected, and the position resolution for these ions was ^1.3 mm. Systematic contri- 
butions to error in the positioa measurement were len than 1 mm. 

During the coming year, we expect to continue with analysis of the Bevalac data, 
generating response maps for the detectors, and further understanding the details 
of instrument response. ¥e expect to fly HEIST II from Palestine, Texas, during the 
September 1963 high altitude wind turnaround. 

IJB. EqiefhDentJi on HASA Spacecraft 

The SR&T grant program of the Space Radiation Laboratory is strengthened by 
and cmitrlbutes to the other programs described here. Activities related to these 
programs are primarily funded by ndssion-related contracts but grant fimds are 
used to provide a general support base and the facilitiee which make these programs 
posatble. 

1J2.1. An Etectron/Isotope Spe c troeneter (EIS) Leiinrfaed on lKP-7 on 22 S^temlMr 
1972 and on lMP-6 on 26 October 1973 

This experiment ie designed to measure the energy spectra of electrons and po- 
sitrons (0.16 to ~6 UeV), and the dilTerentlal energy spectra the nuclear isotopes 
of hydrogen, helium, lithium, and ber^dllum (~2 to -50 MeV/nucleon). In addition, it 
proves measurements of t'\e fluxes of the isotopes of carbon, nitrogen, and oxygen 
from ~5 to ~15 MeV/nucleon. The measurements from this experiment support stu- 
dies of the origin, propagation, and sc^ modulation of galactic cosmic rays: the ac- 
celeration and propagation of aolar flare particles; end the origin and transport of 
energetic magnetospheric particles observed in the [^asma sheet, adjacent to the 
magnetopause, and upstream of the bow shock. 

The extensive EIS data set has been utilized in comprehensive studies of solar, 
interplanetary, and magnetospheric processes. Correlative studies have involved 
data from other IMP investigations and from other spacecraft, as well as direct com- 
parisons of EIS data from IMP-7 and IMP-8. These studies have resulted in the follow- 
ing recent talks and papers: 

• "Plasma Behavior During Energetic Electrons Streaming Events; Further Evi- 
dence for Substorm Associated Magnetic Reconnection." J. W. Keber et al., 

Otaphyt. As. lire. 9, 664-667 (1962 ). 

• "Reconnection - Associated Enezgization of Plasma Sheet Electrons," J. W. 

Bieber et al., EOS TVons. AGUES. 416 (1962). 

• "Microstructure of Magnetic Reconnection in Earth's Magnetotail.” J. W. 

Bieber et al., J. Gtopbys. As. (1963 in press). 


Yajm tfl r Htaafoni I«innrtiil in 1977. 

Tbit M^erimBnt it conducted by thia group In coUoboration with F. B. McDonald, 
J. R IVainor, and A. W. Sehardt (Goddard Space night Center). Y. R. Webber (Uniwer^ 
■Ity of New Hanpehire), and J. R. Joldpii (Unieenity of Arizona), and hf i been deiig- 
nated the Coaznic Ray Subzyftem (CRS) for the Vojrager Mitilona. The experiment la 
deaigned to meaaure the energy apectra, elemental and (for lighter elementa) laoto- 
pic compoaltlon. and atreaming pattema ctf coanaic-ray nuclei from H to Fe over an 
energy range of 0.5 to 500 HeV/nucleon and the energy apectra of electrona with 3 - 
100 HeV. Theae meaaurementa will be of particular importance to eludiea of atellar 
nucleoeyntheela. and of the origin, acceleration, and Interatellar propagation of 
coamic rajre. Meaaurementa oi the energy apectra and cong>oaltion of energetic par- 
ticlea tripped in the magnetoapherea of the outer planeta are uaed l.o atudy their 
origin and relatlonahip to other phyaieal phenomena and parametera of thoee 
planeta. Meaaurementa of the intenalty and directional characterlatica of aolar and 
galactic energevie particlea aa a function of the heliocentzic diatance will be uaed for 
aifu atudles of the intorplanetary medium and Ita boundary with the Interatellar 
medium Meaaurementa of aolar energetic particlea are crucial to understanding 
solar composition and solar acceleration processes. 

The CRS flight units on both Voyager spacecraft have been operating successful- 
ly since the launches on August 20. 1977 and September 5, 1977. The CRS team par- 
ticipated in the Voyager 1 and 2 Jupiter encounter operations in March and July 
1979, and in the Voyager 1 and 2 Saturn encounters in November 1960 and August 
1901. The Voyager data represent an immense and diverse data base, and a number 
of scientifle problems are under analysis. These investigation topics range from the 
study of galactic particles to particle acceleration phenomena in the interplanetary 
medium to plasma/fleld energetic particle interactions, to acceleration processes on 
the sun, to studies of elemental abundances of solar, planetary. interplaneUiry, and 
galactic energetic particles, and to studies of particle /field/ satellite mteractions in 
the magnetospheres of Jupiter and Satiirn. 

The following publications i nd papers for scientifle meetings, based on Voyager 
data, were generated: 

• ‘The Voyager Encounter with l>anus,” E. C. Stone, 275-291 in Lkmtus and 
the (XUer Manets, ed. G. Hunt, Cambridge University Press, Cambridge, Eng- 
land (1982 ). 

• "An Analysis of the Structure of Saturn's Magnetic Field Using Charged Parti- 
cle Absorption Signatures," D. L Chenette and L. Davis, Jr., /. Geophys. J9es. 67. 
5267-6274 (1962 ). 

• "An Analysis of the Structure of Saturn's Magnetic Field Using Charged Parti- 
cle Absorption Signatures," D. L Chenette and L. Davis, Jr., Talk presented at 
Tucson Saturn Conference, 1962, Tucson, Arizona. 


• 'The Companions of Mimas: Charged Particle Absorption Signatures and a 
Comparison with Recent Imaging Discoveries.," D. L. Chenette et al.. Talk given 
at Tucson Saturn Conference, 1962, Tucson. Arizona. 
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• ''Voyager Obrerrationa of Saturn's Rings: An Oeerelew," E. C. Stone, Invited 
talk presented at I.A.U, Colloquium No. 75, Toulouse, France. 

• "Voyager Observations of the Uranian Rings: A Preview." E. C. Stone, Invited 
talk presented at I JLU, Colloquium No. 75, Toulouse, FVanee. 

• "The Voyager Encounters with Saturn." E. C. Stone, AlAA (1963 submitted). 

• "Energetic Oxygen and Sulfur in the Jovian Uagnetosphere and Their Contri- 
bution to the Auroral Excitation." N. Gebrels and E. C. Stone. /. Gtophym. Rk. 
(1962 submitted). 

• "The Mimas Ghost Revisited: An Analysis of the Electron Flux and Electron 
Microsignatures Observed in the Vicinity of Mimas at Saturn." D. L. Chenette 
and E. C. Stone, J. Omtphys. As. (1962 submitted). 

• "Temporal Variations of the Anomalous Oxygen Component," A. C. Cummings 
and W. R Webber, Solar Wind 5 conference (1962). 

• "Voyager Measurements of the Energy Spectrum and Charge Composition of 
the Anomalous Conq>onents in 1977-1961," W. R. Webber and A. C. Cummings. 
Solar Wind 5 conference (1962). 


A discussion of some of the work on the anomalous component is presented below: 
Temporal Variations of the Anomaloua Chnrq^n Component 

The anomalous component of cosmic rays refers to a groi^> of elements (princi- 
pally He, N, 0, and Ne) in the energy range from ~5 to ~50 MeV/nuc which are over- 
abundant when compared tc solar system or galactir abundances. This component 
was discovered in 1972 and since then most studies have used rather long tima aver- 
ages, typically on the order of months, because of relatively low counting rates from 
the typical cosmic ray telescope. The four CRS telescopes on each of the two Voy- 
ager spacecraft, with their large collecting power, have now allowed us to look at the 
anomalous oxygen rates with finer time resolution for the first time. We have exaLm- 
ined the period from launch in late 1977 to the end of 1961 and we find several time 
periods i^ere large recurrent temporal variations are present, with an ~26 day 
periodicity. Variations in intensity by a factor of up to 10 are observed. We have in- 
vestigated the origin of these variations by comparing the oxygen rates to rates of 
other particle types and by intercomparing the rates of the two Voyagers. 

Two examples of these variations are shown in Figure 2 (a period in 1976) and 
Figure 3 (a period in 1960) along with similar but much sivialler variations in the > 75 
MeV proton rate. The anq>litude of the proton variations is ~10-15X, whereas the 
variation in the oxygen rate is much larger with a peak to vaL'ey ratio of perhaps 10 
to 1 for the largest peaks. The average spacing between the f.>ur large proton peaks 
in Figure 3 is ~ 26 days, and there are apparently two such 26-day sequences in Fig- 
ure 2. This timing and correlation suggest that the origin of the oxygen increases 
may be the same as the process responsible for the high energy proton variations 
We have investigated this possibility by comparing Uie radial graidients of the two 
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particle populationi. The largt icale radUl gradients for the anomalous oxygen and 
the > 76 HeV protons have been previously reported by others for the 1 > 20 AU range 
by co^^>aring the intensities at the Pioneer spacecraft to those near Earth. By using 
the separation of the two Vo 3 rager spacecraft we can determine the local radial gra- 
dients during the time intervals of the variations and ccxiipare these to the large 
scale gradients. In the 1B7B period the spacecraft are ~4 AU from the Sun and ~0.3 
AU apart. In IBBO they have moved out to an average radial position of ~7.2 AU and 
have moved apart ~ 1.25 AU. They are well aligned in both longitude and latitude. 
During the 1976 and 1960 time iutervali Voyager 1 is always farther from the Sun 
than Voyager 2; thus for positive radial gradients Voyager 1 will measure a higher in- 
tensity than Voyager 2. 


Figure 2 


Voyogtf 2 



Voyogef 2 



Figure 3 
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Figure 4 Figure 5 

The compariBon of the Voyager l and 2 proton rates for the 197B period is shown 
in Figure 4. The correlation of features In the two plots is generally good. The 
corresponding plot for the 1960 period is shown in Figure 5. The corotation delay is 
days for this time interval and, after rmikinp the time shift, the features in the 
two panels line up well. We have taken the ratio of the Voyager 1 to Voyager 2 inten- 
sities for the correlated maxima and miniTtiA of the variations at the times indicated 
by the long and short vertical bars. The intensity ratios corresponding to the data in 
Figures 4 and 5 are shown in Figure 6 as a function of average radial distance from 
the Sun as the points near 4 AU for 1978 and near 7.2 AU for 1960. The lower panel 
of Figure 6 shows the ratio for the peak times and the upper panel shows the ratios 
for the times between the peaks. The remaining points near 6.4 AU are for a 1979 
period when variations were also observed. The dashed lines on both panels show the 
computed intensity ratio for a given local radial gradient. It is apparent that the 
data from both panels are consistent with a local radial gradient of ~3 - 5%/AU 
which is consistent with the large scale gradients found for these particles from the 
Pioneer and near-Earth observations. These data therefore support the notion that 
the variations in intensity of the protons are due to a local modulation effect, most 
likely produced by a corotating magnetic field structure. 

The Voyager 1 and 2 anomalous oxygen rate comparisons for the 1976 period 
are shown in Figure 7. The dashed lines indicate times of nunormim proton fluxes 
from Figure 4. We could not duplicate the analysis procedure we used for the pro- 
tons because of poorer statistics. Therefore we have summed over the time intervals 
shown by the horizontal bars to get a single ratio for the periods between the maxi- 
ma of the proton fluxes. We have also summed over the seven 3-day periods associat- 
ed with the proton flux Trutrima in order to calculate a single average ratio for ihe 
"peak" times. These values are shown in the second column of Table 1. The Vl to V2 
ratio for the times between the peaks is within la of the expected ratio of 1.05 for 
the Large scale positive radial gradient of ~16X/AU which has been reported for 
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anooiftloui oxygen from Pioneer end neer-Eerth date. The ratio for the lum of the 
eeeen peeke is ~1.8e leii then 1.06. Fbr oomperlaon the third oolunn of Table 1 
■howl the eeerage VI to V2 retiot for the high energy protona In 1078 ei coooputed 
from the weighted eeerage of the points ihown in Figure 6. Ratioi for both the peek 
end between-peek fluxei ere oonMitant with the expected ratio for e redial gradient 
of 3 - 6%/AU. 
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In Figure B we ehow the enomeloui oxygen rate ootq;>arleoas for 19B0. The 
eorrelation of features In the Voyager 1 and 2 plots is less clear. W« haee made a re- 
lative shift of 6 days In the two plots lust as we did tor the protons, and the times of 
the four major proton peaks are shown by dashed lines and lised as a guide in identi- 
fylDg the correlated peaks. The 3-day periods indicated by the vertical bars were 
summed to get an average ratio for the peak periods. The times indicated by hor- 
izontal bars were summed io calculate a between-peak period ratio. Ihis divtsion of 
time periods 1s less obvious in 1960 than in 1076. For exan 4 >le, there S 4 >pear to be 
additional peak fluxes in oxygen between the times associated with proton flux Boaxi- 
ma. particulariy near day 157 in Voyager 2 and near day 106 in Voyager 1. In fact 
there may well be a second sequence of peaks offset from the primary sequence by 
~ 10 days. A 5-day data gap from day 139-135 on Voyager 2 possibly obscures one of 
the peaks in the secondary sequence. The Vl to V2 ratios of the enomalow oxygen 
intensity for the two time periods are shown in the fourth column of Table 1 . Here 
again tto ratio for the times between the proton peaks is within lo of the expected 
ratio of 1.2. However, the ratio for the sum of oxygen fluxes during periods associat- 
ed with proton flux mairimA is -xfl.yo less than eiq>ected for a gradient of -fl5X/AU. 
The average proton intensity ratios, shown in the fifth column of Table 1. are again 
consistent with a 3 - 5X/AU radial gradient 
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Figure 7 Figure 8 

As we have noted, the >75 MeV proton variations appear to be small 10 - 15%) 
perturbations on a rate which Is well correlated over the separation distance of the 
two spacecraft. The local gradient derived for both the maxima and minima of the 
variations are consistent with the large scale gradients reported for separation dis- 
tances of up to 20 AU. The oxygen variations, on the other hand, do not fit a similar 
picture. Particularly In I860 (see Figure B) when the spacecraft are ~1.25 AU apart, 
the features in the two rates are not well correlated; the peaks In Voyager 2 appear 
to \e sharper and more well defined than In Voyager 1. the perturbations on the rate 
are not small, and the apparent local radial gradients for the peaks do not agree with 
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th« ofwall Urg« leala gradiacta that haTt baan raportad. Tha oxygan intanalty imri- 
ationa i^^>a«a* ba mora fllamantaiy In natura than thoaa of tha prc^ona. auggaating 
partiapa that tha oxygan nuclal ara mora aanaltlfa to tha datailad configuration of 
tha magnatic fl'ud than ara tha protona. Tbaaa dillarancaa auggaat that tha origin of 
tha ahort tann oxygan aarlationa ia dlflarant from that of tha protona. 

IJBh. k naaay laotopa fipactromatar Talaaonpa (hctf) Laanchad on BEB-3 in Augnat 
1278 

HIST la daaignad to moaaura tha laotopa abundancaa and anargy q>aetra of aolar 
and galactic coanic raya for all alamanta from lithium to nickal (3 « Z as 28) ovar an 
anargy range from aararal HaV/nuclaon to aaearal hundred MeV/nucleon. Such 
maaauremanta ara of inportanca to tha atudy of tha iaotopic oonatitution of ac^ar 
mattar and of eoamic ray aourcas, tha atudy nuclaoayntheaia, quaaUona of aolar- 
ayatam origin, atudiaa of acoalaration procaniaa and atudiaa of tha Ufa hiatory of 
coamic raya In tha galaxy. 

HIST waa auecaaafuUy launehad on lSEE-3 and proeidad high raaolution maaa- 
uramanta of aolar and galactic coamic ray iaotopea untU Decanhar 1876. whan a 
eomponant failure reduced ita iaotope raaolution capabUity. Slnca that tima. tha In- 
atrumant haa baan oparating aa an clamant apactromatar for aolar flara and intar- 
idanatary partlcla atudlea. 

During the pact year J. D. Raiding comp?atad hia Ph.D. theaia on tha iaotopic 
conq>oaition of haavy nuclal obaarrad during the 9/23/78 aolar flare. Thia atudy. and 
our work on galactic coamic ray iaotopea, haa reaulted in the following recent talka 
andpapera. 

• "Iaotopic Studiaa of Haaey Nuclei in the 9/23/76 Solar Flare Event," R A. 

Uawaldt et al.. BuU. Am. fhy*. Sbc. 27, 571 (1962). 

• "Samplee ot tho Milky Way," R. A. Mawaldt et al., SciMrUi/ic American 247, 

100-109 (1962). 

• "Iaotopic AnomaUea in Galactic Coamic Raya," R. A. Ifewaldt. Bull. Am. AMtran. 

Sbc. 14. 645 (1982). 

• "The Elemental and Iaotopic Compoaltion of Galactic Coamic Ray Nuclei," R. A 

Mewaldt. Av. GaopAyc. ^ace /Tiya. (1963 in preaa). 

• "The Iaotopic Conqwaition of Energetic Particlea Emitted from a Large Solar 

Flare," J. D. Spalding, Ph.D Thecia, California Inatltute of Technology (1082). 

A aumniary of aome of the woiic in J. D. Spalding a Ph.D. theaia ia given below: 

The laotDDie Compoailion of Bnargetlc Pertlglea Ernittad from a Snlar Flere 

Knowledge of the aolar ayatem iaotope compoaltion la caaential to atudiea of the 
origin of the elemanta in atara, and atudiaa of the mlar ayatem formation. Satellite- 
borne apectrometera which meaaure aolar energetic particlea (SEPa) now provide a 
new maana of aampling directly the cooqmaition of aolar material. Among the flrat 
reeulta from HIST were high- revolution meaaurementa of the iaotopic compoaition of 
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N« and Ug obaanwd duilnf th» 9/23/79 toUr flar*. Od« ■urpriaiof raault of thif 
wortc was that tha *Na/*^a ratio In this flara was algnifleantly fraat«r than that ob- 
aaiwad in tha aolar wind (SW), In hia doctoral thaaia, D. Spalding haa datamiinad tha 
iMtople oonpoaltlon ef adchtlonal alamania (Ha. C. N. and 0); atudtad tha ttma and 
anargy dapandanea of tha iaotopie oong>oaltlon; datanntnad tha alamantal eonipoal- 
tlon and ^ctral charactariatica of thia aaant; and obtalnad a mora aeeuraU ^ua 
for **Na/”^a in thla liara, biaad on tha analyala of additional data. Although tha 
oompoaitlon of C. N, 0, and Hg iaotopaa la found to bo conaiataat with tarraatrial and 
mataorlUc maaauratnanta. thara eontlnuoa to ba a aignlflcant c laranca batwaan tha 
*Na/*Na ratio in thia flara and that tha aolar wind. Thia duflaranea ia praaantly 
not undaratood, although thara ia tdao aaidance for it from lunar and matawitic atu- 
diaa of jolar anargatic particloa. 

Tha HIST talaacopa eonaiata of a clack of aUicon aolid-itata datactora. labalad 
lif 1. M2, and D1 thro'jgh D9, in which tha nuolaar cn*«rga. maaa, and kinetic anargy of 
Btopping nuclei ia datanninad by conaantional AS by E* tachnlquac. Figura 9 ahowa 
maat hlatograma for 300 Na raanta, more than double tha praaloua cample. For con- 
▼anlance, tha "Range” of particlaa atopping in HIST la Labalad iy tha iaat detector 
triggered. The aarliar HIST Na mnaaurament was baaed on Range 2 and Range 3 data 
The bulk of the new data ia at lower energy (Range 1), where the two poaitlon- 
aenaltiee datactora (Ml and M2) are uaad aa AE devicea. Although the Range 1 maaa 
reaolution (0.27 amu) ia not expected to be aa good aa at higher energies (0.20 amu). 
there ia a well-deflnad **Ne peak. 
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Flgur* 10 ihowi the "Ne/^’Ne ratio in four eneriy interrali. Although it ii poe- 
■tole that thia ratio may vary with energy, there ie no obvioui trend. Similar^, there 
ie no evidence for any signtflcant variation in the **C/**C, **0/^*0, *Mg/^Ug, or 
**llg/**l(g ratio! with energy, nor ia there any eigniflcant time dependence for the 
ieotopic conpoaition during thia aolar event In additimi, the abundant elementa 
from C to Si all have a ^mitar apectral ahape, with a relative compoiition consistent 
with other large solar events. There ia, therefore, no evidence to suggest that this 
event would have an anomalous Isotopic composition. 

Table 2 summailzea the isotopic results obtained from HIST for six elements. 
The C. N, and 0 measurements represent the first isotcpic studies of these elements 
in SEPs. The improved **Ne/**Ne measurement is somewhat smaller but ccmsistent 
with our earlier value of 0.13 (-f.04, -.03). Also included is an improved upper limit 
for **Ne/*^e, and an i^>per limit for *He/^He in thia event. In Figure 11 these results 
are compared with tabulated aolar system abundances. S¥ measurements, and other 
SEP measurements. Note that in all cases the measured SEP ratios are cmsistent 
with Cameron’s tabulation. However, it shotild be pointed out that the Cameron 
abundances are based primarily m meas\irements of terrestrial and n»teoritic sam- 
ples. and little is known about the extent to which they rei»'esent the composition of 
the Sun. This is especially true in the case of Ne. i^ere, for example, the recent 
Anders and Ebihare table of solar system abundances uses the SW value (**Ne/*^e = 
Q.C73) rather than the meteoritic component Neon-A (*^e/**Ne = 0.122), which Cam- 
eron chcoses. 

Tab1s 2 • Isotope Ritios 
9/23/78 Soler FI ere 


Isotope 

Rstio 

Energy 

(HeV/nuc) 

Observed 
R«ti )♦ 

Solsr 

SystenS 

^/Se 

5-32 

< 

0.0076 


13c/l2c 

-f-39 


0 0095*’^^^ 
”•‘"*^.0029 

0.0112 


6-39 

< 

0.0014 

ndioective 


9-4? 

7-45 

< 

o.ooe:;™ 

0.0021 

O. 0037 

P. O0037 


7-45 


°-‘"^^.0007 

0.00204 

^^Ne/^°Ne 

11-51 

< 

0.014 

0.0030 

^^He/^°He 

8-51 


0 109*-“® 
‘'•*‘'*-.019 

0.122 


12-36 


0 148*'^^ 
‘'•*^-.025 

0.129 

^®Mg/^*M0 

12-36 


®-*^-.026 

0.142 


^68t confidence intervals or 86X confidence limits 


In Figure 12, selected solar system niaasurements of **Ne/^Ne are shown on an 
expanded scale. Included, in addition to the meteoritic components neon-A and 
neon-B, is a third component. ”neon-C*', thought to represent SEP neon 1 
HeV/nuc) dlrectl ^nplanted in lunar and nwteoritic material. It is interesting that 
all of the attempts to meastire this component find a **Ne/*’’Ne ratio greater than 
that of present day SW Ne, and with one possible exception, greater than that of 
Neon-B, thought to represent inplanted SW. In a recent review of these measure- 
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menU. Black concludei that naon-C hai **Ne/*Ne ratio of 0.090 to 0.007. Note that 
neither of the two aatellite meaaurementj could be conaldered Inconalstent with this 
ranite. 



Thus, there a. two ndependent ^pproachej that find a difference between SEP 
and SW neon. The questions remain as to how the Sun can apparently emit two dis- 
tinct isotopic components, and which, if either, represents the cooq;>osltion of the 
Sun. We have considered the possibility of linear, mass-dependent fractionation, 
operating in either the solar flare acceleration or propagation processes, but And no 
evidence for such a pattern in oiir C, 0, and Mg results. Although relatively little is 
known about the SW isotopic con 4 >osition, neither does it appear that the SW isotopes 
have been altered by a simple mass-dependent fractionation process. 

There are also models that might i»‘oduce selective enhancements. Fisk’s model 
for ”^e-rich" events can also enhance certain heavier elements. It is not clear, how 
ever, that it could produce isolated enhancements of individual heavy isotopes such 
as **Ne. Furthermore, there does not appear to be either a %e enhancement or an 
anomalous elemental composition in the 9/23/76 flare (our ^He/^He upper limi t ap- 
pears to be the lowest yet reported for a single solar event), suggesting that the con- 
ditions necessary for this model do not apply to this event. Mullen has proposed a 
pre-acceleration model that, on the average, would be expected to enhance the 
^e/***Ne ratio more than other isotopic ratios. A test of this model, not yet possible 
with the present data, would be correlated enhancements of **Ne/*°Ne and 
It appears that comprehensive measurements of a number of isot opic ratios in both 
the SW and in a number of SEP events may be required to relate the SW and SEP iso- 
topic composition to that of the Sun. 
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IJLA. Alfa«fyltnel»iBiperhnMt (HNE) L BB iirtMid onHEACH;tii5topt> i iibTl97P 

Tbe Heavy Nuclei E^Mrioaeut ii a joint experiment involving this group and H. R 
Ixrael J. Klarmann. W. R ^nne (Wa.diington University) and C. J. Waddington (Univei^ 
sity of Minnesota). HNE is designee' to measure the elemental abundances of rela- 
tivistic high-Z cosmic ray nuclei (17 Z s; 13Q). The resxilts of such measurements 
are of significance to the studies of nuc!vo 8 ynthesi 8 and stellar structures, the ex- 
istence of extrenw transuranie nuclei, the origin of cosmic rays, and the physical 
properties of the interstellar msdium. HNE was successfully launched on HElAO-3 and 
operated until the spacecraft gyro’s failed in late May 1961. 

A paper dealing with the ratio of the s-i^ocess elements 5 pSn and mBs to the 
r-process •lamanta ^Te and i^Xe is in press. This paper will stow that t^ charge 
region, like the 30-^region the actinides, is not dominated by reprocess nuclei 
A more detailed analysis of this result will be the topic of a doctoral thesis by K E. 
Krombel. 

A prototype of the HEAO HNE ^as calibrated at the Lawrence Berkeley Lab Be- 
▼alac in November. Data were av.'nu red with beams of 35 ^^ beam 

was the first ultra-heavy beam transported down the exten^ beam line. Analysis of 
the gold data for deviations from the usual assumption of Z^ scaling is in progress at 
CIT. 

The following taiifu and papers have been presented recently: 

• "The Abundance of the Actinides In the Cosmic Radiation as Measured on 

H1;A0-3. ' W. R Binns et al.. Ap. J. (Istt.) 261. L117-L120 (1982 ). 

• "Abundances of Cosmic Hay Sn, Te, Xe. and Ba Nuclei," E. C. Stone et aL. Adi. 

Mtl Rtya. Sac. ?rt. 534 (1962). 

• "The Abundance of the Actinides in the Cosmic Radiation m Meeisured on 

HEAO-3," C. J. Waddington et al.. Bull. Am. Rtys. Soc. 27, 534 (1962). 

• "Secondary /Primary Ratios in Ultraheavy Cosmic Rays Measured on HEAO-3," 

W. R. Binns et al.. Bull. Am. Rtys. Sac 27, 534 (1982). 

• "Cosmic Ray AbunJ. nces of Sn, Te, Xe. and Ba Nuclei Measured on HEAO 3." 

W. R. Binns et al.. Ap. J. (Lett.) (1963 in press). 

A re'sume of the Sn-Ba study is presented below: 

Coamic-Rav Abundances of Sn. Te. Xe. and Ba Nuclei 

The elements heavier than iron and nickel are assumed to have been formed pri- 
marily by neutron capture nucleosynthesis processes. These processes can be 
separated into two extreme classes depending on the intensity of the neutron flux 
involved. The r. or rapid, process, characterized by a high neutron flux, forms highly 
neutron-rich nuclei which decay back to the valley of beta stability only after the 
completion of nucleosynthesis. The s, or slow, process has a much lower flux of neu- 
trons and allows for the decay of beta unstable nuclides before subsequent neutron 
captures. The r-process is usually associated with supemovae. 
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Both them procMtM j^oduce a eharactoriatic licnatura in tha mulling ela- 
rnantAi cOTopoiition 111086 lignaturas are motl avtdant in tha ralativa abundaneaa of 
g-Sn, koTs. 54 ^ • 56^' t-procaas producaa a graatar abundanca of Sn and 

m; tha i^procau ramu» in an oaarabundanca of To and Xa. In both procaaaas odd 
chargo alomonta ara aignlflcanUy loaa abundant. 

HNE data, baaod on chargoa maaaurad ualng Carankov aignala of high enorgy nu- 
oloi. ara ahown in Figure 13. Thla meaauronient La tha flrat to ahow molvad even ele- 
mant paalcB in charge region. Particlaa with charge between 49.0 and 50.0 have 
bean auparpoaad in the modulo 2 hiatogram in inaat b. Ihia procedure, which bins 
each particle according to the diflerence between ita assigned charge and the 
nearest even integer, superposes the even (and odd) element charge peaks, thus al- 
lowing a statistically significant determination of the instrument resolution. 



Figure 13 


Figure 14 shows the derived abundances (points) compared to the calculations 
of N. Brewster iming various sources. Since other results from lower charge regions 
indicate that there is an anticorrelation between first ionization potential and cosm- 
ic ray elemental abundances relative to the solar system the calculation has been 
done with and without adjustment for effects of first ionization potential (FIP). The 
data are not consistent with the assumed r-process source material in either case, 
but reasonable agreement is obtained with solar system source material adjusted for 
first ionization potential effects. Although the larg abundance of 5 gCe shown in Fig- 
ure 13 is also consistent with this conclusion, we have not considered it further here 
because its abundance is more affected by fragmentation of heavier nuclei. 
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R-PROCESS SOLAR SYSTEM 



Figure 14 


The large abundance of either Sn or Ba relative to the other elements in this 
group argue against a source dominated by the r-process. This conclusion le em- 
phasized in Figure 15, which con^ares the ratio %/Te with the Ba/Te ratio. Our ob- 
served values are shown as the large diamond with 50% and 66% error ell4>se8. Also 
shown are various calculated values derived frtxn several assumptions regarding the 
source composition. Points are plotted for pure r-process abimdances, pure s- 
process abundances, and for solar system abundances, both with and without effects 
of first ionization potential. Two different predictions are shown (Brewster, Filer, 
and Waddingtom and Sake and Uargolis) to indicate the range of uncertainty in the 
calculations. Note that for a given propagation model and given assumptions about 
first ionization potential effects, the three calculated points fall on a straight "mixing 
line" whose en^ represent pure r or pure s material, with varying r/s mixtures fal- 
ling along the line. 



Figure 15 


It is clear from this plot that our results are not consistent with pure r-process 
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material either with or without first ionization potentiel eflecte. The difference 
between the eloseet r-procesi point and our meafurement is significant at the 93% 
level When due account is taken of first ionization potentiel effects, cur data are in 
reasonable agreement with solar system materiai i^ereas ignoring those effects sug- 
gests an 8-process dominated mixture. The results in this charge interval are there- 
fore consistent with our conclusions from measurements in other charge intervals 
since the measured elemental abundances in the charge 28 to 40 region show a simi- 
larity with solar system material adjusted for first ionization potential effects. Addi- 
tion^y the low abundance of the "actinides" (charges BB to 100) is consistent with 
solar system material, but not with freshly synthesized pure r-process sources. 

The Pioneer 11 Vector Helium Hagnetometer £3q>erlment is a joint investigation 
involving several research centers, with E. J. Smith (JFL) as Principal Investigator. 
Leverett Davis, Jr. (SRL) is the Caltech Coinvestigator on the experiment. A careful 
reanalysis of the magnetometer data taken within B Saturn radii has been made by 
Davis to obtain a spherical harmonic model. Careful exclusion of some questionable 
data, appropriate weighting of the data, and the use of the Singular Value Analysis 
codes of Lawson and Hanson yields a model that was substantially more accurate 
than the previous models, the most useful nsodel is axisymmetric and uses a dipole, 
a quadrupole, and an octupole term for interior sources and a uniform axial field for 
the external sources. The fit is very good: the weighted r.m.s. residual being l.B% of 
the r.nxs. field. This analysis shows that there are almost certainly very small noa- 
axisymmetric terms but their inclusion does not significantly change any calcula- 
tions based on the model A paper presenting these results in is preparation. 

Davis also worked as a co-author with J. E. P. Comiemey and D. L Chenette on a 
chapter in the prospective book on Saturn edited by T. Gehrels. The following article 
appeared in print during the reporting period: 

• "An Analysis of the Structure of Saturn's Uagnetlc Field Using Charged Parti- 
cle Absorption Signatures," D. L Chenette and L. Davis. Jr.. / Gtophys. As. 87. 
6267-5274 (1982 ). 


2. Gamma Rays 

This research program is directed towau d the investigation of galactic and solar 
gamma rays with spectrometers of *xigu angular resolution and moderate energy 
resolution carried on spacecraft and balloons. The main efforts of the group, which 
are supported partially or fully by this grant, have been directed toward the follow- 
ing two categories of experiments. 

2.1. Activities in Support of or in Preparation for ^mcecraft Eiperiments 

These activities generally embrace prototypes of experiments on existing or fu- 
ture NASA spacecraft and they complement and/or support such experiments. 
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2.1.1. ABdlooit-BonMG«nHin1lij]iiiBfiiiiPa9load((aDO 

Tb* principal tocus of our eurront gaznma-ray aaironomy aflort ia the eonatruc- 
tion of a balloon-borne gamma-ray teleacope for galactic and extragalacUc 

aatronomy obaereatlona. A ahielded Nal ^tger camera will be uaed in combination 
with a lead rotating coded aperture maak to achieve an imaging capability of 1000 
0.0* pixela in a 20* field of eiew and a localization capability of 3 arc minutea for lOe 
aourcea. Thia performance repreaenta more than an order of magnitude improve* 
ment over previous balloon and aatellite inatrumentation. The 16"x2" Nal Anger cam- 
era plate will have an energy range of 30 keV to 3 MeV and achieve a continuum aen- 
aiUvity of 6xlO"V cirfakeV at 1 MeV. 

Figure 16 ahowa a drawing of the detector and coded aperture maak syatems of 
the GRIP inatrument. 

GRIP 

7-itoy Imaging I^jloAd Ballooo lutFuiBMit 



CaM 


Figure 16 


■— eieatc 
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Considerable progress has been made during the last year in all principal 
hardware areas. 

• Anger Camera: Nal crystal and 3" photomultiplier tubes procured. Initial tests of 

position response performed. Photomultipliers tested for dynamic range, 
linearity, and overload characteristics. Assembly of Anger camera system ini- 
tiated. 

• Shield System: Nal back shield and photomultipliers procured. Twelve plastic shield 

segments and photomultipliers procured and undergoing tests. 

• Analog electronics; Prototype Nal signal processing chain designed, fabricated and 

tested. 

• Pointing system, gondola, and mask: Mechanical design activity initiated. 

• Data acquisition and image processing system: PDP 11/24 system procured includ- 
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ing diik drtwi, terminala. graphics printer, and storage CRT. UNIX operating 
system inplemented and itnk established with SRL PDF 11/70 sirstem for pro- 
gram development. 

Table 3 lists the key parameters of the instrument. 


Genene-Ray Imagiag Psyloed (CRIP) Balloon Experiment 

Primary Detector 

40 cm X 5 cm Nal Anger Camera 
Position Raaolution: S mm FVHli O 200 kaV 

Shield 

Back Plate: 6 cm Nal 

Sida: 16 cm plastic adntiUator 

ODsnine apertura: 48* FWHII 

iiaak 

HaxagonalURA 

1.1 m diameter x 2 cm Pb 

Spacing: 2.S m from Nal detector 

Cell sise: 2.S cm 

No. of cells: 1750 

Rotation rate: 1 rpm 

Enersv Ranse 

0.09 - 3 HeV 

bergy Resolution 

B.3kaVO50 keV 
TSkeVOlUeV 

Sensitivity 
(2<r- 16 hr) 
(Brazil) 

Continuum: (AE/E * 1) 

• 100 keV • 4x10"® ph/<m* a keV 

• 1 HeV - 6x10"'' ph/cm^ e keV 

BToed Line: (AE/E « 1 x FWHH detector resolution) 

• 100 keV- 2x10"* ph/cm* a 
O 0.51 1 HeV - ^10"^ ph/cnr a 

• 1 HeV - 2x10"^ ph/cm* a 

Imaging 

Resolution; 1000 0.6* diameter pixels 
Field of View; 20* 

Anaular localization: 3 arc min (lOv source) 


2.1.2. (ianans Ray hnagii^ Demonetration 

During the last year we have performed a number of Laboratory tests to demon- 
strate the capabilities of coded aperture imaging. Specifically, we have tested an im- 
aging system consisting of a position sensitive Nal Anger camera and a rotating hex- 
agonal uniformly redundant array (URA) mask. The tests were performed to gain ex- 
perience with the imaging techniques to be used on the GRIP balloon experiment 
described earlier. 

The hexagonal URA pattern is shown in Figure 17. It has a basic pattern of 127 
cells which is repeated to give a total of approxiniately 1800 cells. The pattern has 
the advantager us feature that is very nearly antisymmetric under 60* rotation. This 
allows background subtraction to be performed at each detector position by a simple 
60” rotation of the mask. Continuous rotation of the mask not only ^ows the 
position-by-posltion background subtraction Just mentioned, but also allows the field 
of view to be extended without ambiguity by repetition of the basic URA pattern. 
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Figure 17 


The coded aperture mask used In the laboratory tests was fabricated from 1 mm 
thick lead with a cell size of 1 cm The Anger camera consisted of a 1/2" thick, 12" 
diameter Nal disk viewed by nineteen 2" photomultiplier tubes. A position resolution 
of 0.17 cm a was achieved at 122 keV. 

The laboratory test demonstrated the following Imaging capabilities, which are 
illustrated in Figures lB-20: 

• Imag in g of point souTt:e8 without artifacts by rotating hexagonal URA's. 

• Extension of the field of view without ambiguity by utilizing mask rotation. 

• Resolution of two nearby gamma-ray point sources 

ngure 16 shows the image reconstruction of a point source using the rotating 
hexagonal URA mask. The information is displayed as a bar histogram with the 
height of each bar indicative of the measured source strength in a given direction. 
The point source is Imaged without artifacts, and the point spread of the image 
agrees with predictions based on the position resolution of the Anger camera. This 
image utilizes only a single repetition of the basic URA pattern. 
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FVgure 19a shows the image of a single gaxnma-ray point source obtained using 
the full coded aperture nnA«k of Figure 17, but without rotation. It can be seen that 
there is a seven fold ambiguity in the source location. Figure 19b shows the effect of 
mask rotation in removing the ambiguity, thus allowing a sevenfold increase in the 
field of view. Note that the rotation leaves no other artifacts in the final image. 


Extended field of View 
with Sevenfold Ainbixuily (No Rotation) 



Figure 19a 





Figure 20 
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Figure 19b 
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nf ure 20 ihows a grey scale and a peak image of two gamma-ray point soui*ces, 
a strMig (50o) source and a weak (6o) source. The sources are clearly resolved at an 
angular separation which corresponds to 1,1* for a 2.5 m mask-detector separation 
and a 2.5 cm cell size siich as that to be used in the GRIP balloon instrument. 


Weak Source - Strong Source 
Resolution Capability 
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In vumniAry. the laboratory taots of coded aperturee haee Terlfled our expecta- 
tions of their Imaging oapablUUes. In particular, the analjrtical aetimatea for flux 
■ensittfity, point source detection capability, angular resolution, and localization ca- 
pability wore all oonflrmed. The results indicate that an angular localization ap- 
proaching 1 arc minuto is feasible for balloon experiments together with a 1* resolu- 
tion capability between neighboring sources, ruture space expe.iments with much 
larger maskc-detector spacings will achieve a localization e^ability of a few arc 
seconds together with an an angular resolution of a few arc minutes. In addition, the 
tests demonstrate that the use of rotating hexagonal URA’s allows excellent 
posiUon-l^- position background subtraction as well as the extension of the fleld of 
view to large opening angles. 


&2. ^pert nMt acpWA3Aa|>ececreft 

B.2.1. a MgK ■ ■ kiff r !Y ***^«*™**^ *** **** WKAP-a 

The HEAD 3 spacecraft was launched in September. 1970. The primary mission 
of the HEAD 3 Gamma-Ray Spectrometer (GRS) is to make a complete survey of the 
sky with high energy resolution for sources of gamma-ray emission in the energy 
range 50 keV-10 HeV. 

Data analysis activities on the HEAO-3 gamma-rf^y spectroscopy experiment in 
the past have included the 0.511 MeV galactic center positron annihilation line, the 
solar flare 2.22 MeV neutron capture line, and a search for nucleosynthesis lines 
from the Virgo cluster of galaxies. These activities were undertaken in collaboration 
with the High Energy Astrophysics Group of the Jet Propulsion laboratory. 

During the last year, the search for gamma-ray lines from the Virgo Cluster was 
completed. No lines were detected above a 3a Unit of 6x10 ~^h/ cars. Currently, 
activity on the HEAO-3 gamma-ray experiment involves an ongoing study of gamnoa- 
ray solar flare activity observed by HEAO-3 and participation in the data analysis 
meetings of the HEAO-3 team TTiese studies have resulted in the following papers. 

• “Gamma- Ray and Optical Observation of the 1970 November 8 Solar Flare," G. 

R. Riegler et al., Ap. J. 259, 392-396 (1982 ). 

• “A High Resolution Measurement of the 2.223 MeV Neutron Capture Line in a 

Solar Flare," T. A. Prince et al.. Ap. J. (iMtt.) 256, L81-L84 (1982 ). 


Z22. The Gamma Ray akwetromeier IbpesimeiSt on the Solar Maxinaim 
(SUM) 

The Solar Maxinaim Mission satellite was launched in early 1080 and has been in 
continuous operation observing gamma-ray emisaton from solar flares. The instru- 
ment is sensitive to photons in the energy range 0.3-100 MeV, and can also detect en- 
ergetic neutrons above 40 MeV. 

We have collaborated with the University of New Hampshire in the study of 2.22 
MeV emission, following up on our earlier work with the HEAO-3 spacecraft. The 
focus of the SMM data analysis has been a study of 2 22 MeV line emission in a sample 
of 6 flares, which includes the very intense solar flare of 3 June 1982. The data from 
these flares have allowed a detailed study of the time history of the 2.22 MeV neutron 
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oaplura Un* from which concluftona h*wi bcca drawn concerning the production of 
low energy neutron* in eoUr (kree, the deneity at which neutron* are captured, and 
the *He abundance in the photosphere. 



Figure 21 ihow* the ttma history of the 2.22 UeV entsslon from the 3 June 1962 
flare together with a model fit assuming simple exponential decay following produc- 
tion of energetic neutrons in the impulsive phase of the flare. The time constant of 
the decay can be determined quite accurately from these data, namely r^lOO s. We 
are continuing our analysis of this particular flares and others from the SMU data 
sat. This srLrk has resulted in the following talk. 

• "Compar.son of 2.22 MeV Una Emission in Four Solar Flares," T. A. Ptince et 
al.. Bull Am. Mtran. Soc. 14, 675 (1962). 


3. Other AcUeiUee 

A BuflOngtoD is serving as chairman of the APS Division of Cosmic Physics. 

E. C. Stone continues to serve as NASA’s Project Scientist for the Voyager Mis- 
sion He is also a member of the Space Science Board, the High Energy Astrophysics 
Managenwnt Operations Working Group, the Cosmic Hay Program Working Group, the 
Solar System Exploration Committee, and the NASA University Relations Study Group. 
He is currently a member of the Division for Planetary Sciences Committee of the 
American Astronomical Society. 

T. A. Prince bas been awarded Caltech's R A Millikan Fellowship for the two-year 
period 1961 and 1961. 
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